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AEROSOL SEPARATOR: AN D METHOD 
Technical Field 

5 This disclosure relates to systems and methods for separating hydrophobic 

fluids (such as oils) which are entrained as aerosols, from gas streams (for example, 
air streams). Preferred arrangements also provide for filtration of other fine 
contaminants, for example carbon material, from the gas streams. Methods for 
conducting the separations are also provided. 

10 Background 

Certain gas streams, such as blow-by gases from diesel engines, carry 
substantial amounts of entrained oils therein, as aerosol. The majority of the oil 
droplets within the aerosol are generally within the size of 0.1-5.0 microns. 
In addition, such gas streams also carry substantial amounts of fine 

1 5 contaminant, such as carbon contaminants. Such contaminants generally have an 
average particle size of about 0.5-3.0 microns. 

In some systems, it is desirable to vent such gases to the atmosphere. In 
general, it is preferred that before the gases are vented to the atmosphere, they be 
cleaned of a substantial portion of the aerosol and/or organic particulate 

20 contaminants therein. 

In other instances, it is desirable to direct the air or gas stream into 
equipment. When such is the case, it may be desirable to separate aerosol and/or 
particulates from the stream during the circulation, in order to provide such benefits 
as: reduced negative effects on the downstream equipment; improved efficiency; 

25 recapture of otherwise lost oils; and/or to address environmental concerns. 

A variety of efforts have been directed to the above types of concerns. The 
variables toward which improvements are desired generally concern the following: 
(a) size/efficiency concerns; that is, a desire for good efficiency of separation while 
at the same time avoidance of a requirement for a large separator system; 

30 (b) cost/efficiency; that is, a desire for good or high efficiency without the 

requirement of substantially expensive systems; (c) versatility; that is, development 
of systems that can be adapted for a wide variety of applications and uses, without 
significant re-engineering; and, (d) cleanability/regeneratability; that is, 
development of systems which can be readily cleaned (or regenerated) if such 

35 becomes desired, after prolonged use. 
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Summary of the Disclosure 

A filter arrangement is provided that includes a first stage coalescer filter and 
a second stage filter element downstream from the coalescer filter. Preferably, the 
first stage coalescer filter comprises a non-woven fibrous media. The second stage 
5 filter element will preferably include pleated media. Preferred constructions will 
include at least a first baffle member positioned at a location to block a direct 
straight line gas flow from the first stage coalescer filter to the second stage filter 
element. 

In some arrangements, the baffle member will be secured to the second stage 
1 0 filter element to direct fluid flow from the first stage coalescer filter to the pleated 
media. In other arrangements, the baffle member will be secured to the first stage 
coalescer filter. 

In preferred embodiments, the second stage filter element comprises a panel 
filter. The panel filter preferably has an outer, perimeter gasket, a media screen 
1 5 positioned in covering relation to the pleated filter media. Some embodiments j 
include a first fluid impermeable baffle plate. In many preferred arrangements, there 

i 

is also a second fluid impermeable baffle plate. 

In some arrangements, the first stage coalescer filter includes first and second 

frame pieces that are constructed and arranged to interlock. In preferred 
20 embodiments, there is a first screen member within the periphery of the first frame 

piece, and a second screen member within a second periphery of the second frame 

piece. Preferably, there is also a projection arrangement extending from a rim of the 

second frame piece. Further, there is preferably a seal member circumscribing the 

first and second frame pieces. 
25 Methods of operations and servicing are also provided. Preferred methods 

utilize constructions as described herein. 

Brief Description of the Drawing s 

Fig. 1 is a schematic view of an engine system using a filter arrangement 
constructed according to principles of this disclosure; 
30 Fig. 2 is a perspective view of an embodiment of a filter arrangement, 

according to the disclosure of U.S. patent application S.N. 09/205,468; 

Fig. 3 is a top plan view of the embodiment depicted in Fig. 2; 

Fig. 4 is a cross-sectional view of the filter arrangement taken along the line 
4-4 of Fig. 3; 
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Fig. 5 is an end elevational view of the filter arrangement depicted in Fig. 2; 
Fig. 6 is a top plan view of the first stage filter media construction usable in 
the filter arrangement depicted in Fig. 2; 

Fig. 7 is a side elevational view of the first stage filter media construction 

5 shown in Fig. 6; 

Fig, 8 is a bottom plan view of the first stage filter media construction 

depicted in Fig. 6; 

Fig. 9 is a schematic, cross-sectional view of a filter arrangement 

constructed according to principles of this disclosure; 
1 o Fig. 1 0 is a top plan view of a first stage filter media construction usable in 

the filter arrangement depicted in Fig. 9; 

Fig. 1 1 is a cross-sectional view of the first stage filter media construction 
depicted in Fig. 1 0 and taken along the line 11-11; 

Fig. 12 is a schematic, exploded, perspective view of the first stage filter 
1 5 media construction depicted in Figs. 1 0 and 1 1 ; 

Fig. 1 3 is a schematic, perspective view of a second stage filter media 
construction usable in the filter arrangement depicted in Fig. 9; 

Fig. 14 is a schematic, cross-sectional view of the second stage filter 
arrangement depicted in Fig. 1 3 and taken along the line 14-14 in Fig. 13; 
20 Fig. 1 5 is an enlarged, schematic, cross-sectional view of a seal member and 

frame construction used in the second stage filter media construction of Fig. 14; and 

Fig. 16 is an enlarged, perspective view of one of the frame pieces for the 
first stage filter media construction of Figs. 10-12. 

25 Detailed Description 

I A Typical Application — F npine Crankcase Breather Filter 

Pressure-charged diesel engines often generate "blow-by" gases, i.e., a flow 
of air-fuel mixture leaking past pistons from the combustion chambers. Such 
"blow-by gases" generally comprise a gas phase, for example air or combustion off 
30 gases, carrying therein: (a) oil or fuel aerosol principally comprising 0.1-5.0 micron 
droplets; and, (b) carbon contaminant from combustion, typically comprising carbon 
particles, a majority of which are about 0.1-10 microns in size. Such "blow-by 
gases" are generally directed outwardly from the engine block, through a blow-by 
vent. 
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Herein when the term "hydrophobic" fluids is used in reference to the 
entrained liquid aerosol in gas flow, reference is meant to nonaqueous fluids, 
especially oils. Generally such materials are immiscible in water. Herein the term 
"gas" or variants thereof, used in connection with the carrier fluid, refers to air, 
5 C ombustionoffgases,andothercarriergasesfortheaerosol. 

The gases may carry substantial amounts of other components. Such 
components may include, for example, copper, lead, silicone, aluminum, iron, 
chromium, sodium, molybdenum, tin, and other heavy metals. 

Engines operating in such systems as trucks, farm machinery, boats, buses, 
10 and other systems generally comprising diesel engines, may have significant gas 

flows contaminated as described above. For example, flow rates and volumes on the 
order of 0-50 cfm (typically 5 to 10 cfm) are fairly common. 

Fig. 1 illustrates a schematic indicating a typical system 28 in which a 
coalescer/separator arrangement according to the present invention would be 
1 5 utilized. Referring to Fig. 1 , block 30 represents a turbocharged diesel engine. Air 
is taken to the engine 30 through an air filter 32. Air filter or cleaner 32 cleans the 
air taken in from the atmosphere. A turbo 34 draws the clean air from the air filter 
32 and pushes it into engine 30. While in engine 30, the air undergoes compression 
. i and combustion by engaging with pistons and fuel. During the combustion process, 
20 the engine 30 gives off blow-by gases. A filter arrangement 36 is in gas flow 
communication with engine 30 and cleans the blow-by gases. From filter 
arrangement 36, the air is directed through channel 38 and through a pressure valve 
40 From there, the air is again pulled through by the turbo 34 and into the engine 
30. Regulator valve or pressure valve 40 regulates the amount ofpressure in the 

25 engine crankcase 30. Pressure valve 40 opens more and more, as the pressure in the 
engine crankcase increases, in order to try to decrease the pressure to an optimal 
level The pressure valve 40 closes to a smaller amount when it is desirable to 
increase the pressure within the engine. A check valve 42 is provided, such that 
when the pressure exceeds a certain amount in the engine crankcase 30, the check 

30 valve 42 opens to the atmosphere, to prevent engine damage. 

According to this disclosure, the filter arrangement 36 for separating a 
hydrophobic liquid phase from a gaseous stream (sometimes referred to herein as a 
coalescer/separator arrangement) is provided. In operation, a contaminated gas flow 
is directed into the coalescer/separator arrangement 36. Within the arrangement 36, 

35 the fine oil phase or aerosol phase (i.e., hydrophobic phase) coalesces. The 
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arrangement 36 is constructed so that as the hydrophobic phase coalesces into 
droplets, it will drain as a liquid such that it can readily be collected and removed 
from the system. With preferred arrangements as described hereinbelow, the 
coalescer or coalesced separator, especially with the oil phase in part loaded thereon, 
5 operates as a prefilter for carbon contaminant carried in the gas stream. Indeed, in 
preferred systems, as the oil is drained from the system, it will provide some self- 
cleaning of the coalescer because the oil will carry therein a portion of the trapped 
carbon contaminant. 

10 II. An Example of a Multi-Stage Oil Ae rosol Separator According to 
A pplication S.N. 09/205,468 . 

Referring to FIG. 2, one example of filter arrangement 36 is depicted at 
reference numeral 50. The coalescer filter construction 50 includes a housing 52. 
The housing 52 depicted is generally rectangular in plan view, FIG. 3, and with 

1 5 sloped portions to help direct fluid flow (i.e., gas and liquid, therethrough). In | 
certain instances, the housing 52 represents a convenient shape, as characterized , 
below. The depicted housing 52 has a two-piece construction. More specifically, 
housing 52 comprises a cover or door 62 mounted on a body or shell section 60. 
Referring to FIGS. 2 and 5, the housing 52 includes the following 3 ports: 

20 gas low inlet port 54; gas flow outlet port 56; and liquid flow outlet port or liquid 
drain 58. 

Attention is now directed to FIGS. 2, 4, and 5, where the housing body 60 is 
depicted. The body 60 includes front wall 65, rear wall 66 (FIG. 4), first side wall 
67 (FIG. 2), second side wall 68 (FIG. 5), and back wall 69 (FIG. 4). Walls 65, 66, 
25 67, 68 project from a periphery of back wall 69 to form a receptacle construction 71 
(FIG. 4). In use, various filter arrangements described below are positioned within 
receptacle 71. 

Referring now to FIGS. 2 and 5, it can be seen that the gas flow inlet port 54 
is positioned to extend into the front wall 65. More specifically, the gas flow inlet 
30 port 54 is directed into a receiver 72. 

Receiver 72 defines a volume projecting outwardly from selected portions of 
the front wall 65. The volume of the receiver 72 is sized for receiving a coalescer 
filter 80 (FIG. 6) therein. Inlet port 54 is directed into the volume of the receiver 72 
in order to direct gas flow entering the coalescer filter construction 50 through the 
35 coalescer filter 80, in a manner described below. 
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The filter construction 50 includes a good, secure construction retaining door 
62 on the body 60. In particular, door 62 includes hinge tabs formed integrally 
thereon. The hinge tabs are sized to be received within receivers 73 and 74 
respectively, when the door 62 is mounted on the body 60. The receivers 73 and 74 

5 allow the tabs to pivot, as the door 62 is swung between an open and closed position. 
When the door 62 is in a closed position, FIG. 2, receivers 73 and 74 secure the 
hinge tabs snugly, so that the door 62 cannot readily separate from the body 60 even 
under the pressures of the blow by gasses. 

Door 62 includes an opposite side edge 76 from edge 78. Along this edge, 

1 0 door 62 includes retaining tabs 82 and 84 aligned with retaining tabs 86 and 88, 
respectfully, in body 60. The retaining tabs 82, 84, 86, 88 preferably include 
apertures having threaded metal inserts to prevent wear and stripping of the threads. 
To secure the door 62 closed, the filter construction 50 includes thumb bolts 90 and 
92, FIG. 3, extending through the apertures of the retaining tabs 82, 84, 86, 88. 

1 5 After the door 62 is appropriately positioned, it can be secured and closed by 

threading the thumb bolts 90, 92 through the tabs 82, 84, 86, 88 until the thumb bolts 
90 and 92 bottom out. A gas flow seal between the door 62 and the body 60 is 
provided by a gasket 94, FIG. 4. 

Gasket 94 may comprise a variety of polymeric materials moldable to form 

20 an appropriate gasket member, with a filter media 96 potted therein. One useful 
material is polyurethane such as that described in commonly assigned U.S. Patent 
No. 5,669,949 for end cap 3, hereby incorporated by reference. Material for gasket 
94 includes the following polyurethane, processed to an end product (soft urethane 
foam) having an "as molded" density of 14-22 pounds per cubic foot (lbs/ft 3 ) and 

25 which exhibits a softness such that a 25% deflection requires about a 1 0 psi pressure. 
In some embodiments, the "as molded" density varies from the 14-22 lbs/ ft 3 range. 
The polyurethane comprises a material made with I35453R resin and I305OU 
isocyanate. The materials should be mixed in a mix ratio of 100 parts 135453 resin 
to 36.2 parts I3050U isocyanate (by weight). The specific gravity of the resin is 1.04 

30 (8.7 lbs/gallon) and for the isocyanate it is 1 .20 (1 0 lbs/gallon). The materials are 
typically mixed with a high dynamic shear mixer. The component temperatures 
should be 70-95°F. The mold temperatures should be 1 1 5-135°F. 
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The resin material I35453R has the following description: 

(a) Average molecular weight 

1) Base polyether polyol = 500-1 5,000 

2) Diols = 60-10,000 

5 3) Triols = 500-15,000 

(b) Average functionality 

1) total system - 1.5-3.2 

(c) Hydroxyl number 

1) total systems = 100-300 

10 (d) Catalysts 

1) amine = Air Products 0.1-3.0 PPH 

2) tin = Witco 0.01-0.5 PPH 
(e) Surfactants 

1 ) total system = 0. 1 -2.0 PPH 

15 (f) Water 

1) totalsystem = 0.03-3.0 PPH 

(g) Pigments/dyes 

1) total system = 1-5% carbon black 

(h) Blowing agent 

20 1) 0.1-6.0% HFC 134A. 

The I3050U isocyanate description is as follows: 

(a) NCO content - 22.4-23 .4 wt% 

(b) Viscosity.eps at 25°C = 600-800 
25 (c) Density = 1.21 g/cm 3 at 25°C 

(d) Initial boiling pt. - 190°C at 5mm Hg 

(e) Vapor pressure = 0.0002 Hg at 25°C 

(f) Appearance - colorless liquid 

(g) Flash point (Densky-Martins closed cup) = 200°C. 

30 The materials I35453R and I3050U are available from BASF Corporation, 

Wyandotte, Michigan 48192. 

In reference again to FIG. 5, note that the body 60 has a pair of feet 98, 99, 

depending therefrom. The feet 98, 99, in preferred constructions, have apertures 

with, preferably, threaded metal inserts. The feet 98, 99 are provided to allow the 
35 filter construction 50 to be secured in a convenient location, for example, on an 

engine frame. 
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The housing 52 includes, enclosed therein, two filter constructions; the 
upstream coalescer filter 80 and a downstream panel filter 100 (FIG. 4). While in 
some embodiments, the coalescer filter 80 and panel filter 100 can be constructed 
adjoined to one another, in the embodiment shown, the coalescer filter 80 and the 

5 panel filter 1 00 are separate, independent members or constructions. 

Referring now to FIG. 4, the panel filter 100 comprises pleated media 96, 
positioned in a generally rectangular configuration. Media 96 is circumscribed by 
outer, rectangular gasket 94. The panel filter 100 may include a screen 102 with an 
optional handle construction, such as pull tabs. 

1 0 Preferably, body 60 includes a perimeter trough 1 04 therein (FIG. 4), sized 

and configured to receive the gasket 94. FIG. 4 shows the panel filter 100 seated 
within the trough 1 04 and held by the body 60. Sealing is provided between the 
door 62 and the body 60 by compressing the gasket 94 into the perimeter trough 104 
as the door 62 is closed. 

15 As can be seen in FIG. 4, the panel filter 100 is sized and configured so that j 

the longitudinal pleats 106 of the media 96 extend between the sidewalls 67 (FIG. j 
2), 68 (FIG. 5) of the body 60. The pleats 106, in the arrangement shown, are 
oriented normal from a downstream face 1 10 of the coalescer filter 80. 

Attention is now directed to the coalescer filter 80, FIGS. 6-8. The coalescer 

20 filter 80 preferably comprises polyester fibrous media 1 12, oriented in a generally 
circular patch or configuration. The media 1 12 is held and encapsulated by a frame 
or housing construction 1 14, which is preferably a single or unitary molded housing 
molded around the media 112. 

Referring now to FIG. 4, a cross-section of the coalescer filter 80 is shown. 

25 The coalescer filter 80 preferably includes a pair of liners or screens 1 16, 1 18. The 
screens 1 16, 1 18 are positioned on both the upstream and downstream side of the 
media 1 12 and help to support the media 1 12. The screens 1 16, 1 18 may comprise 
perforated metal, expanded metal, or nonmetallic materials such as plastic or 
carbon-filled nylon. Preferably, nonmetallic materials, such as the carbon-filled 

30 nylon, are used such that the coalescer filter 80 is readily incineratable. Preferably, 
the coalescer filter 80 will comprise at least 90%, more preferably at least 95%, and 
most preferably up to 1 00% nonmetallic materials. 

As mentioned above, preferably the coalescer housing 1 14 is constructed of a 
compressible material. As such, it can be placed within an appropriate receptacle in 

35 the filter construction 50 and form a seal between the coalescer 80 and the receptacle 
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in the filter construction 50. More specifically, the receiver 72, FIG. 4, defines a 
cavity or receptacle 120 therein. In the embodiment shown, the cavity 120 takes the 
shape of the coalescer filter 80, and in this embodiment, is circular. 

Preferably, the coalescer filter 80 includes a support structure molded within 
5 the housing 114. The support structure functions to provide a backstop to the 
compression of the housing 1 14 with the inner wall 122 of the cavity 120. In the 
embodiment shown, the support structure preferably comprises a rigid support ring 
124 molded within the housing. The support ring 124 preferably comprises a 
circular band embedded within the housing 1 14 and spaced from the outermost 
1 0 periphery 1 28 (FIGS. 6 and 7) of the circular housing 114. 

When the coalescer filter 80 is positioned within the cavity 120, the housing 
1 14 is compressed between and against the support ring 124 and the inner wall 122 
to form a radial seal 126 therebetween. 

Attention is directed to FIG. 7. In FIG. 7, it can be seen that the housing 1 14. 
1 5 preferably includes a nonlinear profile at the periphery 128. In particular, the I 
periphery 1 28 includes a step construction 1 30. In particular, in the embodiment j 
shown, there is a first region of largest diameter at 1 32. This first region of largest 
diameter 132 corresponds to a region that is furthest downstream, when oriented 
within the construction 50. Adjacent to the first region 132, is a second region of 
20 largest diameter 1 34. The second region 1 34 has a diameter smaller than the first 
region 132 and is immediately adjacent to the first region 132. As such, there is a 
step 135 in between these two regions. Most upstream is a region of third diameter 
1 36. The third region 1 36 has a diameter that is smaller than the second region 134, 
and, of course, smaller than the first region 132. The third region 1 36 is immediately 
25 adjacent to the second region 1 34, and due to the differences in diameter, there is a 
step 137 formed therebetween. This stepped construction 130 helps with the 
insertion and formation of the radial seal 126 between the coalescer filter 80 and the 
receiver 72. 

Preferably, the housing 1 14 is constructed of compressible material, for 
30 example, foamed polyurethane. One preferred foamed polyurethane would be the 
same as the foamed polyurethane described above for the perimeter gasket 94 and as 
described in U.S. Patent No. 5,669,949 for end cap 3, which patent is hereby 
incorporated by reference. When installing the coalescer 80 in the receptacle or 
cavity 120 to form a radial seal at 126, there preferably is a compression of at least 
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10%, no greater than about 50%, more preferably between 15 and 40%, and most 

preferably about 20% against the inner support ring 494. 

Still referring to FIG. 6, note that the media 1 1 2, in the example embodiment 

shown, comprises a circular region or patch. It preferably is positioned at the 
5 lowermost part of the coalescer filter 80 and is oriented to be at a lowermost part of 

the cavity 120. The orientation of the media 1 12 in this location has advantages. 

For example, as the coalescer filter 80 coalesces liquids, such as oil, from gas 

streams coming through the gas flow inlet port 54, due to the location of the media 

1 12 at its lowermost portion in the cavity 120, coalesced liquid is allowed to run off 
10 of the media 1 12 over the housing 1 14 and to the liquid drain 140. Further, as will 

be described below, a fluid flow direction arrangement is usable in the preferred 

filter construction 50 to help direct the collected liquids to the drain construction 

140. 

The coalescer filter 80 shown in the illustrated embodiment has the housing 
15 1 14 shaped in a circular manner, with the region of media 1 12 being disposed as a 
circular patch and eccentric with respect to the housing 114. That is, the region of 
media 1 1 2 is positioned off-center or non-centered within the housing 1 1 4. It 
should be understood that the coalescer filter 80 can be a variety of shapes and sizes. 
For example, the housing construction 80 need not be circular, but can be other 
20 configurations. The media 1 12 need not be circular, but can be other shapes, such as 
rectangular extending across the full extent of the housing 114. Further, the media 
1 12 need not be positioned in its eccentric location. For example, the media 112 can 
be centered within the housing 1 14. The particular arrangement shown in the figures 
is used because it is attractive, eye-catching, and distinctive to Donaldson, the 
25 assignee. 

Still referring to FIG. 6, the preferred coalescer filter 80 includes 
ornamentation at 144. Preferably, the ornamentation 144 comprises a plurality of 
segmented, arcuate, tapering stripes 146. In preferred constructions, the stripes 146 
are molded as part of the housing 140 and project somewhat away from the no- 

30 striped, planar, portions 147 of the housing 140. The ornamentation 144 provides no 
function to the filter construction 50. The particular ornamentation 144 is used 
because it is distinctive to Donaldson, as well as being eye-catching and attractive. 

Preferably, the filter construction 50 includes a fluid flow direction 
arrangement. Preferably, the fluid flow direction arrangement will help to direct 

35 collected liquids to drain construction 1 40 and to the liquid flow outlet port 56, and 
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direct gas flow to the downstream barrier media. While a variety of constructions 
are contemplated, in the embodiment shown, the filter construction 50 includes a 
baffle member 150. In the specific embodiment shown, the baffle member 150 is 
attached to and is integral with the coalescer filter 80. In other embodiments, the 

5 baffle member 1 50 can be a separate construction independent of the coalescer filter 
80. The baffle member 1 50 comprises generally a planar member oriented 
downstream of the coalescer media 1 12. The baffle member 1 50 helps to direct 
collected liquid coalesced by the media 1 12 into drain construction 140 and 
eventually out through the liquid flow outlet port 56. 

1 0 The baffle member 1 50 also functions to force gas flow to diverge around the 

baffle member into a gas flow plenum 152. That is, the baffle member 150 blocks or 
prevents gas flow from bombarding the first pleat of the pleated media 96. The gas 
flow plenum 1 52 permits the gas to flow uniformly through the pleated media 96. 
The baffle member 1 50 is positioned at a location to block a direct straight line gas 

1 5 flow from the coalescer filter 80 to the downstream barrier media. By "to block a 
straight line gas flow", it is meant that the gas flow must turn; the gas flow is not 
permitted to flow in a straight line; that is, the baffle member 1 50 forces the gas to 
flow around it, and thus, deviate from a generally straight line. 

As can be seen in FIG. 4, the gas flow plenum 152 tapers between a region 

20 154 adjacent to the first stage media construction 80, and a region 155, adjacent to 
the rear wall 66. The angle of taper is preferably at least 2°, no greater than 70°, 
preferably between 5-60°, and typically will be between 10-45°. As can be seen in 
FIG. 4, the gas flow plenum 1 52 has a larger volume at the region 1 54 than at the 
region 155. This helps to distribute airflow more evenly and uniformly across the 

25 length of the panel filter 1 00. Further, the volume of gas flow plenum 1 52 helps to 
reduce restriction through the construction 50. As can be seen in Fig. 4, the gas flow 
plenum 152 provides a space between the lowermost tip of the pleated media 96 and 
the back wall 69. Preferably, this space has a linear distance between pleat tip to 
back wall 69 of at least 0.5 inch, more preferably 0.8-1 .2 inches. This space helps 

30 to prevent coalesced oil from contacting the pleated media 96. 

As can also be seen in FIG. 4, the rear wall 69 slopes toward the liquid flow 
outlet 56. The sloped wall 69 preferably forms drain construction 140. 

Preferably, the baffle member 150 comprises a piate 160 secured to the 
coalescer filter 80. In the manner shown in the drawing, the support ring 124 

35 includes a plurality of projecting tabs 162 axially projecting outside of the housing 
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1 14 to depend therefrom. In the preferred embodiment, there are at least 2 tabs, 
preferably 3 or more tabs 162. Each of the tabs 162 includes a shelf 164 and a 
projecting finger 166 (FIG. 7). In one preferred method of construction, the plate 
1 60 is provided with holes or apertures, which accommodate the fingers 1 66 of each 
5 of the tabs 1 62. After the fingers 1 66 are inserted through the holes in the plate 1 60, 
the plate 1 60 is held or supported or rested upon the shelf 1 64. Heat is then used, 
such as through hot plate conduction, to melt the fingers 166 and rivet them to the 
plate 160 at rivet points 167 (FIG. 8). In other embodiments, the plate 160 could be 
ultrasonically welded to the tabs 1 62. 

1 0 Preferably, the construction 50 includes a system to ensure that the coalescer 

filter 80 is oriented properly within the cavity 120. In other words, it is preferred 
that the coalescer filter 80 be oriented within the cavity 120 such that the circular 
region of media 1 12 is adjacent to the liquid outlet port 58. In the embodiment 
illustrated, the system for ensuring the proper orientation includes a specific shape to 

1 5 the plate 160 in combination with a shape of the front wall 65 of the body 60. . 
Attention is directed to FIG. 8. In FIG. 8, a bottom plan view of the coalescer filter : 
80 is shown. The plate 520 is shown as having, for example, a trapezoidal 
construction. Specifically, there are two parallel sides 170, 171; a side 172 
transverse or perpendicular to sides 170, 171; and an angled side 173 intersecting 

20 parallel sides 170, 171. 

Attention is directed to FIG. 5. In FIG. 5, it can be seen that front wall 65 
includes a similarly shaped cavity 120. For example, cavity 120 includes two 
parallel sides 181, 1 82; a side 183 perpendicular to sides 181, 182; and an angled 
side 1 84 intersecting sides 1 81 , 1 82 and non-parallel to side 1 83 . The shape of 

25 cavity 120 and plate 160 ensures that the coalescer filter 80 may only be oriented or 
inserted within the cavity 120 in one orientation. It is the orientation that best directs 
liquid to the liquid flow outlet port 58. In orienting the coalescer 80 in the cavity 
120, the sides 172, 1 73 need to be aligned with the cavity sides 1 83, 1 84 to fully 
install the coaleser filter 80 within the construction. 

30 In certain preferred constructions, the coalescer filter 80 includes a 

construction for helping to remove the coalescer filter 80 from the cavity 120. 
Preferably, the coalescer filter 80 will include a handle construction or finger pull 
188. As can be seen in FIGS. 4 and 7, the finger pull 188 preferably comprises a 
flange 190 projecting from the plate 160. Preferably, the flange 190 is integral with 

35 the plate 160 and molded during fabrication to project out of the plane of the plate 
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1 60. When the coalescer filter 80 is oriented within the cavity 1 20, the flange 1 90 
extends or projects into the gas flow plenum 1 52. This helps to provide for 
convenient removal and replacement of coalescer filter 80 from the body 60. 

It should be noted that, preferably, the finger pull 188 also corresponds to a 
5 portion of the plate 160 that forms the angled side 173, in order to help ensure proper 
orientation of the coalescer filter 80 within the cavity 120. The flange 190 also helps 
to direct collected liquid coalesced in the media 112 toward the drain construction 
1 40 and liquid flow outlet port 58. 

A. Example operation and changeout of the embodiment of 

10 S.N. 09/205.468 

In operation, the coalescer filter construction 50 works as follows. Blow-by 
gasses from an engine crank case are taken in through the gas flow inlet port 54. 
The gas is passed through the coalescer filter 80. Coalescer filter 80 separates 
liquids, with any entrained solids, from the rest of the gas stream. The liquid flows 

1 5 off of the media 1 1 2, over the housing 1 1 4 or along the baffle plate 1 50, to the drain 
construction 140, and out though the liquid flow outlet port 58. This liquid material 
is often oil, and may be recycled to the crank case to be reused. 

The gas stream that is not coalesced by the coalescer 80 impacts the baffle 
member 150 and is directed by the baffle member 150 into the gas flow plenum 152. 

20 The gas flow moves through the gas flow plenum 1 52 to the second stage or panel 
filter 100. The panel filter 1 00 removes additional particles and solids from the gas 
stream. The panel filter 100 is pleated, such that particles and any further liquid 
collects or agglomerates on the pleats and falls or drains by gravity against the 
sloped back wall 69 and toward the drain construction 140. The gas then enters the 

25 clean gas flow plenum 1 52 and exits through the gas flow outlet port 56. From 
there, the gases may be directed, for example, to the turbo of an engine intake 
system. 

The coalescer filter construction 50 is serviced as follows: The door 62 is 
removed from the body 60 by unscrewing thethumbolts 90, 92. The door 62 is then 
30 pivoted by way of the hinge tabs and receivers 73, 74. The downstream side of the 
panel filter 100 is viewable. The panel filter 100 is removed from the body 406 and 
disposed of. 

The coalescer filter 80 may then be removed from the receiver 72. The 
finger pull 1 88 is grasped by the user's hand, and the coalescer filter 80 is removed 
35 from the cavity 120. This breaks the radial seal 126. The old coalescer filter 80 is 
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disposed of, such as by incineration. A second, new coalescer filter is then oriented 
within the receiver 72. This is done by matching the outline of the baffle member 
150 to the outline of the cavity 120 and aligning the flange 190 with the 
corresponding outlined flange portion in the cavity 120, for example, aligning angled 

5 side 1 73 of the coalescer 80 with angled side 1 84 of the cavity 1 20. This orients the 
region of media 1 1 2 in a preferable location with respect to the gas flow inlet port 54 
and the liquid flow outlet port 58. The housing 1 14 is compressed between and 
against the support ring 124 and the inner wall 122 of the cavity 120 to form a radial 
seal 1 26 therebetween, when the coalescer filter 80 is properly installed. The 

1 0 coalescer filter 80 can be installed and removed by hand. No more than 50 pounds 
of force is needed; typically, 25-35 pounds of force is used. 

Next, a second, new panel filter 1 00 is oriented within the perimeter trough 
1 04 of the body 60. The door 62 is then pivoted on its pivot arrangement between 
the hinge tabs and receivers 73, 74 into a closed position, FIG. 5. The thumb bolts 

1 5 90, 92 are turned within the apertures and tightened to form a seal with the gasket j 
member 94 between the door 62 and the body 60. When the thumb bolts 90, 92 are , 
tightened, the compression force on the gasket member 94 between the body 60 and ! 
the door 62 can be typically forces up to 1 00 pounds. 

When disposing of the coalescer filter 80 and panel filter 100, preferably 

20 these constructions consist of non-metallic material at least 95% non-metallic, more 
preferably at least 98%, and typically 99% or 100% by weight non-metallic 
material. When these constructions are non-metallic, they may be completely 
incinerated, leaving little residue. This provides for convenient disposal. 

B. One construction accor ding to S.N. 09/205,468 

25 One specific example for a filter construction 50 is described herein. Of 

course, a wide variety of arrangements and dimensions are included within the scope 
of this disclosure. 

The filter construction 50 is useful on a 1.5 liter-16 liter engine, 50-1200 hp, 
turbo charged, or super charged, diesel, or natural gas. In one application, the engine 
30 is a 350-400 hp, V-8 engine. The engine has a piston displacement of at least 3 
liters, typically 7-14 liters. It typically has 8-16cfm of blow-by gases generated. 
Preferred filter constructions 50 can handle blow-by gases from 1-20 cfm. 

In other systems, the filter construction 50 is useful on engines with the 
following powers: less than 8 kw (<1 1 hp); 8-19 kw (1 1-25 hp); 19-37 kw (25-50 
35 hp); 37-75 kw (50-100 hp); 75-130 kw (100-175 hp); 130-225 kw (175-300 hp); 
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225-450 kw (300-600 hp); 450-560 kw (600-750 hp); and greater than 560 kw 
(>750hp). 

It will be understood that a wide variety of specific configurations and 
applications are feasible, using techniques described herein. The following 
5 dimensions are typical examples. 



Structure 


At least 


No greater than 


Typical 


housing 52 length 


120 mm 


360 mm 


180-300 mm 


housing 52 width 


100 mm 


400 mm 


150-260 mm 


housing 52 depth at ports 


90 mm 


360 mm 


130-230 mm 


gas inlet 54 diameter 


10 mm 


50 mm 


19-33 mm 


gas outlet 56 diameter 


10 mm 


50 mm 


19-33 mm 


liquid outlet 58 diameter 


8 mm 


40 mm 


13-23 mm 


coalescer housing 1 14 diameter 


35 mm 


160 mm 


55-100 mm 


coalescer media 1 12 diameter 


15 mm 


70 mm 


25-45 mm, 








preferably 30-40 








mm 


housing 1 1 4 thickness 


10mm 


40 mm 


15-25 mm 


overall thickness of housing 1 14 








plus baffle plate 150 


13 mm 


54 mm 


20-35 mm 


distance between housing 1 14 








and baffle plate 150 


1 mm 


20 mm 


3-7 mm 


baffle plate 150 length of each 








short side 


35 mm 


160 mm 


55-100 mm 


baffle plate 1 50 length of the 








long side 


40 mm 


170 mm 


60-1 10 mm 



C. Example Materials 

10 In this section, certain example materials useful for the embodiment of Figs. 

2-8 are described. A variety of materials may be used, other than those described 
herein. 

The housing 52 can be plastic, such as carbon filled nylon. 
The media 1 12 of the coalescer 80 is generally non-pleated, non-cylindrical, 
1 5 fibers having an average fiber size of about 12.5 micron and a percent solidity, free 
state, of no greater than about 1 .05%. The media 1 12 has an upstream, exposed 
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surface area of at least 1 in. 2 , no greater than about 7 in. 2 , and typically about 3-4 
in. 2 , a polyester, fibrous media. The material has an average fiber diameter of 1 .5 
denier (about 12.5 micron), and a solidity in a free state of at least 0.85%. It has a 
weight of, typically, greater than about 3.1 ounces per square yard. Typically, it has a 
5 weight less than 3.8 ounces per square yard. Typical weights are within the range of 
3.1-3.8 ounces per square yard (105-129 grams per square meter). Typically, the 
media has a thickness at 0.002 psi compression (free thickness) of greater than about 
0.32 inches. Typically, the media has a thickness at 0.002 psi compression (free 
thickness) of less than about 0.42 inches. Typical free thicknesses for the media are 

10 in the range of 0.32-0.42 inches (8.1-10.7 millimeters). The media has a typical 
permeability of no less than about 370 feet per minute (1 13 meters per minute). 

The housing 1 14 of the coalescer 80, and the gasket 94 of the panel filter 100 
can be a soft, compressible material, such as foamed polyurethane. One example 
foamed polyurethane is described above for gasket 94. 

15 The support ring 1 24 and screens 1 1 6, 1 1 8, and 1 02 can be constructed of 

plastic, such as carbon filled nylon. 

The panel filter 100 is preferably constructed of non-metallic materials, to be 
completely incineratable. For example, the media 96 can be a synthetic glass fiber 
filter medium, coated and corrugated to enhance performance in ambient air-oil mist 

20 conditions. The media 96 has a face velocity of at least 0.1 ft/min., no greater than 5 
ft/min., and typically about 0.3-0.6 ft./min. The pleat depth is no less than 0.5 in., 
no greater than 3 in., and typically about 1 .5-2 in. The pleat length is at least 1 in., 
and typically 6-7 in. The pleated filter 468 has a perimeter area of at least 4 in. 2 , and 
typically about 50-52 in 2 . The pleated media 96 has an upstream media surface 

25 area of at least 64 in. 2 and preferably about 200-220 in 2 The synthetic glass fiber 
filter media may be coated with a low surface energy material, such as an aliphatic 
fluorocarbon material, available from 3M of St. Paul, Minnesota. Prior to coating 
and corrugating, the media has a weight of at least 80 pounds/ 3000 sq. ft; no greater 
than about 88 pounds/3000 sq. ft; typically in a range from about 80-88 

30 pounds/3000 square feet (136.8 ± 6.5 grams per square meter). The media has a 

thickness of 0.027 ± 0.004 inches (0.69 ± 0.10 millimeters); a pore size of about 41- 
53 microns; a resin content of about 21-27%; a burst strength, wet off the machine 
of 13-23 psi (124 ± 34 kPa); a burst strength wet after 5 minutes at 300°F of 37 ± 12 
psi (255 ± 83 kPa); a burst strength ratio of about 0.30-0.60; and a permeability of 

35 33 ± 6 feet per minute (1 0. 1 ± 1 .8 meters per minute). After corrugating and 
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coating, the media has the following properties: corrugation depth of about 0.023- 
0.027 inches (0.58-0.69 millimeters); a wet tensile strength of about 6-10 pounds 
per inch (3.6 ± 0.91 kilograms per inch); and a dry burst strength after corrugating of 
no less than 30 psi (207 kPa). 

5 

in. An Additional Embodiment FIGS. 9-16 

Attention is directed to FIG. 9. FIG. 9 illustrates an additional embodiment 
of a multi-stage oil aerosol separator filter arrangement generally at 200. The filter 
arrangement 200 generally includes a housing 202 for holding and containing a first 
1 0 stage aerosol coalescer filter element 204 and a second stage panel filter element 
206. 

The housing 202 is constructed analogously as the housing 52. As such, the 
housing 202 is a two-piece construction including a cover or door 208 mounted on a 
body or shell section 210. Similar to the housing construction 52, the housing 202 
15 has a gas flow inlet port 212, a gas flow outlet port 214, and a liquid flow outlet port 
or drain analogous to drain 58, but not illustrated in FIG. 9. The gas flow inlet port 
212 is positioned to extend into a front wall 216; more particularly, the gas flow inlet 
port 212 is directed into a receiver 218. 

The receiver 21 8 defines a volume that is sized for receiving the first stage 
20 aerosol coalescer filter element 204 therein. The gas flow inlet port 212 is directed 
into the volume of the receiver 21 8 in order to direct gas flow entering the filter 
arrangement 200 through the first stage coalescer filter element 204, in a manner 
described below. 

The cover or door 208 is selectively removable from the body 210, in an 
25 analogous manner as door 62 and body 60 of FIGS. 2-5. A gas flow seal 220 
between the door 208 and body 210 is provided by a seal member or gasket 222. 
The gasket 222 is preferably constructed of polyurethane, more preferably, foamed 
polyurethane, as described above for gasket 94. 

Referring now to FIGS. 13 and 14, the panel filter element 206 comprises 
30 pleated media 224, positioned in a generally rectangular configuration. Media 224 is 
circumscribed by the gasket 222. As can be seen in FIG. 1 3, the gasket 222 shown is 
rectangular. 

Referring again to FIG. 9, the body 210 preferably includes a perimeter 
trough 226 that is sized and configured to receive the gasket 222. FIG. 9 shows the 
, 35 panel filter 206 seated within the trough 226 and held by the body 210. Sealing is 
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provided between the door 208 and the body 210 by compressing the gasket 222 into 
the perimeter trough 226 as the door 208 is closed to form the seal 220 
therebetween. 

Still in reference to FIGS. 9, 13, and 14, the pleated media 224 comprises a 
5 plurality of individual pleats 228 extending between a first end 23 1 and a second end 
232 of the panel filter element 206. Each of the pleats 228 has a pleat depth 234 
(FIG. 14) that extends transversely with respect to a downstream face 236 (FIG. 13) 
of the panel filter element 206. In other words, the individual pleats 228 are oriented 
normal to the downstream face 236. In the arrangement shown, the panel filter 
1 0 element 206 is sized and configured so that the individual pleats 228 extend 

longitudinally between the side walls of the body 210. The side walls of the body 
210 would be analogous to the side wall 62 (FIG. 2) and sidewall 68 (FIG. 5) of the 
body 60. 

The pleated media 224 may comprise a variety of materials. One usable 

15 material includes synthetic glass fiber filter medium, coated and corrugated to 

enhance performance in ambient air-oil mist conditions. In particular, the pleated 
media 224 may be coated with a low surface energy material, such as an aliphatic 
fluorocarbon material, as described above in connection with media 96. Typically, 
there will be at least 50 pleats extending between the first end 23 1 and the second 

20 end 232 of the panel filter element 206. In particular, there can be between 70-100 
pleats, and no greater than about 1 50 pleats. Each of the pleats 228 can be 
constructed to have a pleat depth 234 of at least 0.25 in., no greater than about 6 in., 
and typically about 1.0-3 in. The length of each of the pleats 228 is typically at least 
1 in., no greater than about 12 in., and typically about 5-9 in. 

25 In preferred arrangements, the panel filter element 206 will include a filter 

media support grid or screen 240. The screen 240 preferably covers the downstream 
face 236 of the second stage filter element 206, and operates to support the pleated 
media 224 against internal pressures in the housing 202. 

In preferred arrangements, the second stage panel filter element 206 includes 

30 a handle construction 242 to assist in the convenient handling of the panel filter 

element 206. In particular, the handle construction 242 is constructed and arranged 
for grasping by a human hand to allow for manipulation and orientation of the panel 
filter element 206 to be installed and removed in the body 210. In preferred 
arrangements, the handle construction 242 will also operate as the media support 

35 screen 240. Specifically, the screen 240 is constructed of a grid size with sufficient 



WO 00/32295 PCT/US99/28724 

19 

openness to permit insertion of human fingers of a hand within the screen 240. 
Referring to FIG. 13, the screen 240 depicted is a grid of intersecting grid members 
244. In the particular one illustrated in FIG. 13, the grid members 244 are in a 
rectangular configuration, in particular, a square configuration. The grid members 
5 244 are sized, such that they define a size of at least 0.1 in. by 0.1 in., no greater than 
6 in. by 8 in., and typically about 1-2 in. by 1-2 in. These sizes are usually 
sufficient to accommodate a typical human hand and allow for grasping and 
manipulation. 

Preferably, the panel filter element 206 includes a baffle arrangement 250 

1 0 (FIG. 9) to direct fluid flow from the first stage coalescer filter element 204 to the 
pleated media 224 of the second stage panel filter element 206. The baffle 
arrangement 250 prevents fluid flow from directly interacting and wearing out the 
pleated media 224 that would, in the absence of the baffle arrangement 250, be in 
direct fluid flow alignment with the first stage coalescer filter element 204. In the ' 

1 5 arrangement shown, the baffle arrangement 250 includes at least a first baffle | 
member 252 located generally at the first end 23 1 of the second stage panel filter j 
element 206. In particular, the first baffle member 252 comprises a fluid impervious 
baffle plate 254 extending transversely with respect to the downstream face 236. 
The baffle plate 254 also extends generally parallel to the pleat depth direction 234 

20 (FIG. 14) of the pleats 228. In preferred embodiments, the baffle plate 254 will 
extend at least as far as the pleat depth 234. In particular, the baffle plate 254 will 
have a length that is greater than the pleat depth 234. In other words, a free end 256 
of the baffle plate 254 will extend a distance from the downstream face 236 and 
gasket 222 farther than the tips 257 of the individual pleats 228. The free end 256 

25 extends a distance farther than the tips 257 of at least 0.25 in., typically about 0.5-2 
in., and no greater than about 5 in. The pleat depth 234 will typically be at least 25% 
of the length of the baffle plate 254, typically about 50-80% of the length of the 
baffle plate 254, and typically no greater than 95% of the length of the baffle plate 
254. 

30 As can be seen in FIG. 9, after fluid flow exits the first stage aerosol 

coalescer filter element 204, it will be directed to the upstream face 258 of the 
second stage filter element 256. The baffle plate 254 will function to help force 
fluid flow to diverge into a gas flow plenum 260. That is, the baffle plate 254 will 
help to block or prevent gas flow from bombarding the pleat 228 adjacent to the first 

35 end 23 1 of the pleated media 224. The baffle plate 254 also helps to collect any oil 
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liquid that is still entrained in the gas stream, even after passing through the media of 
the first stage coalescer filter element 204. The gas flow plenum 260 will permit the 
gas to flow uniformly through the pleated media 224 from the upstream face 258 to 
the downstream face 236. Preferably, the gas flow plenum 260 is shaped 
5 analogously to the gas flow plenum 152 described above. The baffle plate 254 will 
block a direct straight line gas flow from the first stage coalescer filter 204 to the 
second stage filter element 206. 

The baffle arrangement 250 also preferably includes a second baffle member 
262. The second baffle member 262 is preferably constructed analogously as a first 

1 0 baffle member 252; as such, the second baffle member 262 comprises a baffle plate 
264 extending transversely with respect to the downstream face 236 and generally 
parallel to the direction of the pleat depth 234. It can be appreciated from FIG. 14 
that the second baffle plate 264 shown is generally parallel to the baffle plate 254. 
The baffle plate 264 depicted has an end 266 that extends beyond (or below, as 

1 5 shown in the orientation in FIG. 14) the pleat tips 257, but could be even with or 
shorter than the pleat tips 257. In the preferred construction depicted, the baffle 
plate 264 is shorter than the baffle plate 254, in order to conform to the shape of the 
body 210 and accommodate the gas flow plenum 260. The baffle plate 264 helps to 
protect the pleated media 224 during handling and installation. The baffle plate 264 

20 will typically be at least 25% of the length of the baffle plate 254, typically about 
50-80% of the length of the baffle plate 254, and typically no greater than 95% of 
the length of the baffle plate 254. 

Attention is directed to FIGS. 14 and 1 5. In preferred arrangements, the 
screen 240 and baffle arrangement 250 are molded together as one, integral piece 

25 268. In many convenient arrangements, the baffle plates 254, 264 are molded with 
the screen 240 from non-metallic material (such that it is readily incinteratable), 
usually a plastic material. In convenient arrangements, the pleated media 224 is then 
laid upon the piece 268, and the gasket 222 is molded around the piece 268 and 
media 224. 

30 Attention is now directed to the coalescer filter element 204, FIGS. 10-12. 

The coalescer filter element 204 preferably comprises a region 270 of non-woven, 
fibrous media 272. The media 272 has an upstream surface area that is different 
from the upstream surface area of the pleated media 224. By "different", it is meant 
that there is at least a 20% difference between the upstream surface area of the media 

35 272 and the upstream surface area of the media 224. Preferably, the media 272 
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upstream surface area is smaller than the pleated media 224 upstream surface area. 
In most preferred systems, the upstream surface area of the coalescer filter media 
272 is no more than 50%, typically no more than 25%, and can be no more than 10% 
of the upstream surface area of the media of the pleated media 224. 
5 As can be seen in FIG. 10, the media 272 is preferably oriented in a generally 

circular patch or configuration. The media 272 is held, encapsulated, or trapped by a 
housing 273 including a frame construction 274 and a seal member 325. 

Referring now to FIGS. 11 and 12, the frame construction 274 is preferably a 
multi-piece arrangement 276 (FIG. 11). In particular, the frame construction 274 

1 0 includes a first frame piece 278 and a second frame piece 280. The first frame piece 
278 includes a periphery 282, which, in this embodiment, is generally circular. The 
periphery 282 defines an outer annular surface 284, and an opposite, inner annular 
surface 286. The periphery 282 also has first and second opposite rims 288, 290, at 
opposite ends of the annular surfaces 284, 286. 

1 5 The second frame piece 280 similarly includes an outer periphery 292, in this | 

instance, being circular; an outer annular surface 294; an opposite, inner annular j 
surface 296 (FIG. 1 1); a first rim 298; and an opposite, second rim 300. 

The first and second frame pieces 278, 280 are constructed and arranged to 
interlock. In particular, the first and second frame pieces 278 include an interlocking 

20 arrangement 302 (FIG. 1 1) that permits the first and second pieces 278, 280 to be 
conveniently assembled to trap or encapsulate the media 272 therebetween. While a 
variety of embodiments are contemplated, in the particular arrangement illustrated, 
the interlocking arrangement 302 includes a snap construction 304. The snap 
construction 304 includes a mating or interlocking protuberance or detent and a 

25 groove. While the parts can readily be reversed, in the embodiment shown in FIGS. 
11 and 12, the first frame piece 278 defines a groove member 306 in the outer 
annular surface 284, while the second frame piece 280 defines a detent or 
protuberance 308 (FIGS. 1 1 and 16) along the inner annular surface 296. While the 
protuberance 308 could be a single, continuous detent, in the particular embodiment 

30 illustrated, the protuberance 308 is a plurality of protuberances 308 (e.g. 2-8, about 
4 protuberances). In many preferred arrangements, the protuberance 308 will 
readily snap into the groove member 306. The interlocking of the first and second 
frame pieces 278, 280 creates a cavity 310 that is preferably used to entrap the media 
272 therewithin. 
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Still in reference to FIGS. 10-12, the coalescer filter element 204 preferably 
includes a pair of liners or screens 312, 314. One of the screens 312, 314 is 
positioned on an upstream side 316 of the media 272, while one of the screens 312, 
314 is positioned on the downstream side 318 of the media 272. The screens 312, 
5 314 preferably comprise non-metallic materials, such as plastic or carbon-filled 
nylon, such that the coalescer filter element 204 is readily incineratable. In many 
preferred arrangements, the screen 312 will extend within the periphery 282 of the 
first frame piece 78. Indeed, in many preferred arrangements, the screen 312 will be 
molded as an integral part of the first frame piece 278. As such, the first frame piece 

1 0 278 and the screen 312 will be constructed of the same material, preferably plastic or 
carbon-filled nylon. 

Similarly, the screen 314 illustrated is contained within the periphery 292 of 
the second frame piece 280. As with the first frame piece 278, the second frame 
piece 280 preferably includes the screen 312 molded as an integral, single piece, 

1 5 typically from plastic or carbon-filled nylon. 

As can be seen in FIGS. 10 and 12, each of the screens 312, 314 define a grid 
pattern. The screens 312,314 help to provide support to the media 272, against the 
pressure differentials within the filter arrangement 200. Each of the screens 312, 
314 defines a grid pattern that is shown as a square pattern. The grid size will 

20 typically be at least about 0.1 in. by 0.1 in., typically about 0.25 in. by 0.25 in., and 
no more than about 2.5 in. by 2.5 in. 

The first and second frame pieces 278, 280 have a keying system to ensure 
that the frame pieces 278, 280 can be interlocked in only a single orientation. This is 
to ensure that the screens 312, 314 are in alignment to help prevent added restriction 

25 to the flow through the media 272. In the particular embodiment illustrated in FIGS. 
10, 12, and 16, the keying system includes a rib and groove arrangement 315 (FIG. 
10). While the parts can be readily reversed, in the illustrated embodiment, the first 
frame piece 278 has a groove 317 (FIG. 12) along its outer annular surface 284, and 
the second frame piece 280 has a rib 319 along its inner annular surface 321. When 

30 mating the first and second frame pieces 278, 280 together, the rib 3 1 9 will slide 
within the groove 3 1 7, in slidable communication to permit the snap construction 
304 to interlock the frame pieces 278, 280. If the first and second frame pieces 278, 
280 are not properly aligned such that the rib 319 is lined up with the groove 317, 
the rib 3 1 9 will interfere with the second rim 290 of the first frame piece 278, 

35 preventing the interlocking of the frame pieces 278, 280. When the pieces 278, 280 
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are properly aligned and the rib 3 1 9 slides within the groove 3 1 7, the snap 
construction 304 engages, and it ensures that the screens 312, 314 are lined up with 
each other such that grids are parallel. 

The coalescer filter element 204 preferably includes a handle or projection 
5 arrangement 320 extending therefrom. The projection arrangement 320 will operate 
to assist in insertion and removal of the coalescer filter element 204 in the body 210; 
the projection arrangement 320 will also help to preclude axial movement of the 
coalescer filter element 204, when properly installed within the body 210. While a 
variety of embodiments are contemplated, in the particular embodiment illustrated, 
10 the projection arrangement 320 includes a plurality of tabs 322 extending or 

projecting from the second rim 300 of the second frame piece 280. Preferably, the 
tabs 322 are spaced along the outer periphery 292 of the second frame piece 280. In 
most preferred arrangements, the tabs are evenly spaced between adjacent tabs. 
Preferably, there will be at least three tabs 322, and typically 4-8 tabs 322. In the 
1 5 embodiment shown, there are six tabs 322. 

Attention is directed to FIG. 9. In FIG. 9 it can be seen that the tabs 322 will 
function to preclude the coalescer filter element 204 from inadvertently being moved 
or vibrated out of the receiver 218. During operation, if there is vibration or other 
forces that cause the coalescer filter element 204 to move axially within the receiver 
21 8, at least some of the tabs 322 will engage the baffle arrangement 250. In 
particular, at least one of the tabs 322 will touch the baffle plate 254 (or, the baffle 
plate 264, depending upon the direction in which the panel filter element 206 is 
installed within the body 210), and will prevent the coalescer filter element 204 from 
sliding out of the receiver 218. 

The number and spacing of the tabs 322 ensures that, no matter which 
orientation the coalescer filter element 204 is installed relative to the receiver 218, 
there will always be a tab 322 that is positioned to either engage or interfere with the 
baffle arrangement 250. 

The projection arrangement 320 also operates to help ensure that the 
coalescer filter element 204 is initially properly installed in the body 210. In 
particular, if the user does not place the coalescer filter element 204 far enough 
within the receiver 21 8, the tabs 322 will interfere with the proper insertion and 
orientation of the panel filter element 206. Indeed, in many preferred arrangements, 
the tabs 322 will interfere with and prevent the orientation of the panel filter element 
206 completely. In other words, if the user does not orient the coalescer filter 
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element 204 forward enough in the receiver 218, the tabs 322 will project or extend 
into the region where the baffle plate 254 normally extends. The tabs 322 will block 
or prevent the panel filter element 206 from being seated within the perimeter trough 
226. The user will then know that the coalescer filter element 204 has not been 
5 properly installed. The user can then push the coalescer filter element 204 forward 
far enough within the receiver 21 8 to properly install the filter element 204, thereby 
moving the tabs 322 far enough out of the path of the baffle arrangement 250 of the 
panel filter element 206. The panel filter element 206 then has a free, clear path for 
installation and proper seating within the trough 222. 
10 Attention is again directed to FIGS. 1 1 and 12. Preferably, the coalescer 

filter element 204 includes a seal member 325 circumscribing the frame construction 
274. In preferred arrangements, the seal member 325 will be constructed and 
arranged to be compressed between and against an inner wall 327 of the receiver 218 
and the frame construction 274, to form a radial seal 330 between the coalescer filter 
1 5 element 204 and the body member 210. 

The frame construction 274 preferably is constructed of a rigid, support 
material. As such, the frame construction 274 functions to provide a back stop to the 
compression of the seal member 325 with the inner wall 327 of the cavity 218. 
Preferably, the seal member 325 comprises a ring 332 of a molded, compressible 
20 material. In many arrangements, it is convenient to assemble the first and second 
frame pieces 278, 279 around the media 272, and then mold the ring 332 
therearound to encapsulate the frame construction 274 there within. 

Attention is directed to FIG. 1 1 . In FIG. 1 1, it can be seen that the seal 
member 325 has a non-linear profile 334 at its outer periphery 336. Preferably, the 
25 non-linear profile 334 is shaped analogously as the profile periphery 128 described 
above in connection with FIG. 7. 

The seal member 325 may be constructed of a variety of materials, preferably 
a compressible material, for example, foamed polyurethane. One usable foamed 
polyurethane is described above in connection with perimeter gasket 94 and housing 
30 114. 

A. Example Operation and Change Out of the Embodiment 
of FIGS. 9-16 

In operation, the filter arrangement 200 works as follows. Blow-by gases 
35 from an engine crank case are taken in through the gas flow inlet port 2 1 2. The gas 
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is passed through the first stage coalescer filter element 204. The coalescer filter 
media 272 separates liquids, with any entrained solids, from the rest of the gas 
stream. The liquid flows off of the media 272 along the interior 21 1 of the body 
210, and out through a liquid flow outlet port, as shown in FIG. 2 at 58. 
5 The gas stream that is not coalesced by the coalescer filter element 204 flows 

into the gas flow plenum 260. At least a portion of the gas will impact the baffle 
arrangement 250 and be directed into the gas flow plenum 260. The gas flow moves 
through the gas flow plenum 260 to the upstream side 258 of the panel filter element 
206. From there, the gas flows through the pleated media 224, where additional 

1 0 particles and solids are removed. The gas then emerges on the downstream face 236 
of the panel filter element 206 and into a clean gas flow air plenum 240. The clean 
gas then exits through the gas flow outlet port 214. From there, the gases may be 
directed, for example, to the turbo of an engine intake system. 

The filter arrangement 200 may be serviced as follows. The door 208 is 

1 5 removed from the body 2 1 0, for example, by either unlatching it or unscrewing 
thumb bolts. The door 208 is then pivoted from the body 210, which reveals the 
downstream side 236 of the panel filter element 206. 

The panel filter element 206 is removed from the body 210 by grasping the 
handle construction 242. In particular, the user's fingers grasp the grid members 244 

20 of the screen 240. The user exerts a pulling force on the grid members 244, and the 
panel filter element 206 is removed from the body 210. The panel filter element 
may then be disposed of, such as by incineration. 

The user then has access to the coalescer filter element 204. The user grasps 
the projection arrangement 320. For example, one of the tabs may be grasped with a 

25 tool such as a pliers. The user exerts a pulling force on the tab 322. This breaks the 
radial seal 320. The coalescer filter element 204 is then removed from the body 210 
and disposed of. For example, the coalescer filter element 204 may be incinerated. 

A second, new coalescer filter element 204 is then installed within the body 
2 1 0. The new coalescer filter element 204 is inserted into the receiver 2 1 8 and 

30 pressed within until generally engaging with a shoulder 342 in the receiver 218. 
This compresses the seal member 325 between and against the frame construction 
274 and the inner wall 327 to form the radial seal 330 therebetween. This also 
orients the projection arrangement 320 far enough toward the cavity 21 8 to provide a 
clear and free path for insertion of the panel filter element 206. 
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After the coalescer filter element 204 is installed, a second, new panel filter 
element 206 is installed within the body 210, The second, new panel filter element 
206 is oriented, such that the baffle plate 254 is immediately adjacent to the first 
coalescer filter element 204. The panel filter element 206 is pressed into the body, 
5 such that the gasket 222 is oriented within the trough 226. If the coalescer filter 
element 204 has been properly installed, the panel filter element 206 will readily fit 
within its seat in the body 210. The door 208 is then closed, and secured to the body 
2 1 0, in a way to create axial seal 220 between the panel filter element 206 and the 
door 208. 

10 If the coalescer filter element 204 has not been properly installed, the tabs 

322 will interfere with the insertion path of the baffle arrangement 250. There will 
be interference between the panel filter element 206, such as the baffle plate 254, 
and the tabs 322, This informs the operator that the operator needs to check the 
installation of the coalescer filter element 204. Typically, if there is interference 

1 5 between the tabs 322 and the panel filter element 206, the coalescer filter element 
204 simply needs to be pressed further inwardly in the receiver 218 toward the 
shoulder 342. Once the coalescer filter element 204 is properly installed, the panel 
filter element 206 may then be properly installed. 

In operation, the coalescer filter element 204 will operate typically for 250- 

20 500 hours, or about 30,000-40,000 miles before requiring replacement. The total 
restriction across both the first stage coalescer filter element 204 and the second 
stage panel filter element 206 together will be at least about 1/2 in. of water, and can 
be up to about 1 8 in. of water. After a restriction of about 1 8 in. of water, the filter 
arrangement 200 should be serviced. 

25 B. One Example Construction 

Below are certain, usable dimensions for the filter arrangement 200. Of 
course, a wide variety of arrangements and dimensions are included within the scope 
of this disclosure. 

The first stage coalescer filter element 204 will typically be circular with a 
30 diameter of at ieast 1 in., typically 2-3 in., and no greater than about 6 in. The 

media 272 of the coalescer filter element 204 has an upstream surface area of at least 
about 1 square inch, typically about 2-8 square inches, and no greater than about 12 
square inches. The downstream surface area of the media 272 will be similar. 
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The upstream surface area of the panel filter element 216 will be at least 
about 5- square feet, typically about 10-15 square feet, and no greater than about 30 
square feet. 

Each of the baffle plates 254, 264 has a length of at least 3 in., no greater 
5 than about 12 in., and typically about 4-8 in. The baffle plate 254 has a height of at 
least about 1 in., no greater than about 10 in., and typically about 3-5 in. The baffle 
plate 264 has a height of at least about 0.5 in., no greater than about 5 in., and 
typically about 1-3 in. The perimeter area of each of the baffle plates 252, 264 is at 
least about 1 .5 square inches, no greater than about 120 square inches, and typically 
1 0 about 5-60 square inches. The baffle plate 254 will typically have a perimeter area 
that is at least 10%, no greater than about 80%, and typically about 30-50% greater 
than the perimeter area of the baffle plate 264. 

Other embodiments of the invention will be apparent to those skilled in the 
art from consideration of the specification and practice of the invention disclosed 
15 herein. 
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1. A filter arrangement comprising: 

(a) a housing construction (52, 202) defining an interior (71 , 21 1 ) and 
having a gas flow inlet (54, 212), a gas flow outlet (56, 214), and a 
liquid flow outlet (58); 

(b) a first stage coalescer filter (80, 204) comprising a nonwoven fibrous 
media (112, 270); said first stage coalescer filter being operably 
positioned in said interior; 

(i) said nonwoven media of fibers having a first upstream surface 
area; 

(c) a second stage filter element (1 00, 206) operably positioned in said 
interior; 

(i) said second stage filter element comprising pleated media 
(106, 224) and having a second upstream surface area; 

(ii) said first upstream surface area being different from said 
second upstream surface area; 

(d) a baffle member (1 50, 250) positioned at a location in said interior to 
block a direct straight line gas flow from said first stage coalescer 
filter to said second stage filter element; and 

(e) a gas flow direction arrangement (52, 202) configured to direct gas 
flow from the gas flow inlet (54, 212), through the first stage 
coalescer filter (80, 204), then through the second stage filter element 
(100, 206), and out through the gas flow outlet (56, 214). 

2. A filter arrangement according to claim 1 wherein: 

(a) said pleated media includes a plurality of pleats; each of said pleats 

having a length oriented substantially normal to a downstream face of 
said first stage coalescer filter. 

3. A filter arrangement according to any one of claims 1 and 2 wherein: 
(a) said baffle member comprises a baffle plate (1 60, 254); 

(i) said baffle plate directing coalesced liquid toward said liquid 
flow outlet; and 
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(ii) said baffle plate being between a downstream face of said first 
stage coalescer filter and said second stage filter element to 
block a direct straight line gas flow from the downstream face 
of said first stage coalescer filter and said pleated media. 

A filter arrangement according to any one of claims 1-3 further including: 
(a) a handle member (188, 320) secured to said first stage coalescer filter 

for aiding in selective removal of said first stage coalescer filter from 

said housing. 

A filter arrangement according to claim 4 wherein: 
(a) said handle member comprises a projecting flange portion (1 90) of 
said baffle member. 

A filter arrangement according to any one of claims 1-5 wherein: 

(a) said housing body includes a coalescer receiver ( 1 20, 2 1 8) adjacent to 
and in gas flow communication with said gas flow inlet; said receiver 
having an interior wall (122, 327); and 

(b) said first stage coalescer filter includes a housing (114, 273) having a 
sealing portion (128, 325); said sealing portion comprising a 
compressible, polymeric material being sufficiently compressible to 
form a radial seal (126, 330) with said interior wall of said receiver, 
when said coalescer filter is oriented therein. 

A filter arrangement according to claim 6 wherein: 

(a) said baffle member comprises a baffle plate (160) secured to said first 
stage coalescer filter housing; and 

(b) said baffle plate and said coalescer receiver being shaped such that 
said coalescer filter is received by said receiver in no more than a 
single orientation. 

A filter arrangement according to any one of claims 1-7 wherein: 
(a) said second stage filter element includes: 

(i) a pleated panel filter having a plurality of pleats, an upstream 
side, and a downstream side; 
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(ii) a porous screen (102, 240) covering said downstream side; 

(iii) a circumferential sealing gasket (94, 222) around a periphery; 

(iv) each of said pleats having a pleat depth of 0.5-3 inches; and 
said pleated panel filter being sized and configured to fit within said 
housing body. 

A filter arrangement according to any one of claims 1-4 wherein: 
(a) said second stage filter element includes said baffle member (250) 

secured thereto to block a direct straight line gas flow from impacting 
at least a portion of said pleated media. 

A filter arrangement according to any one of claims 1-4 and 9 wherein: 
(a) said handle member on said first stage coalescer filter includes a 

projection arrangement (320) extending from said first stage coalescer 
filter; 

(i) said baffle member being oriented to engage said projection 
arrangement and preclude axial movement of said first stage 
coalescer filter within said housing interior. 

11. A filter arrangement according to claim 9 wherein: 

(a) second stage filter further includes a second baffle member (262) 
secured thereto. 

12. A filter arrangement according to any one of claims 1-4, 9, and 10 wherein: 

(a) said second stage filter comprises a panel filter construction having 
said pleated filter media and an outer perimeter; said pleated filter 
media comprising: 

(i) a glass fiber filter media; 

(ii) at least 40 pleats extending between a first end and a second 
end of said panel filter construction; 

(b) an outer gasket member along said outer perimeter comprising a 
polymeric material; 

(c) a media screen positioned in covering relation to said pleated filter 
media; 

(i) said baffle member being at said first end. 
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13. A filter arrangement according to claim 1 2 wherein: 

(a) said baffle member is longer than a depth of said pleats. 

1 4. A filter arrangement according to claim 1 0 wherein: 
(a) said first stage coalescer filter includes: 

(i) a frame construction (274) securing said nonwoven media of 
fibers; 

(A) said projection arrangement being an integral part of 
said frame construction; and 

(ii) an outer periphery having a seal member (325) positioned 
therealong; 

(A) the seal member for creating a seal (330) with said 
housing construction, when the first stage coalescer 
filter is operably positioned in the housing 
construction. 

15. A filter arrangement according to any one of claims 1 0 and 1 4 wherein: 
(a) said projection arrangement includes a plurality of tabs (322) 

extending from said first stage coalescer filter. 

1 6. A filter arrangement according to claim 1 4 wherein: 

(a) said frame construction includes first and second frame pieces (278, 
280) constructed and arranged to interlock; 

(i) said first frame piece having a first integral screen (312); 

(ii) said second frame piece having a second integral screen (3 1 4); 

(iii) said nonwoven media of fibers being trapped between said 
first and second screens. 

1 7. A filter arrangement according to claim 1 6 wherein: 

(a) said first and second frame pieces each have generally circular outer 
peripheries; and 

(b) said seal member is molded around said frame construction. 
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18. A diesel engine blow-by recovery system comprising the filter arrangement 
according to any one of claims 1-17, and further comprising: 

(a) a diesel engine system (28) having a blow-by vent; 

(i) said first stage coalescer filter being oriented in gas-flow 

communication with said crankcase blow-by vent to receive 
blow-by gases therefrom. 

19. A system according to claim 1 8 wherein: 

(a) said engine system comprises a diesel engine (30) of at least 50 
horsepower. 

20. A coalescer filter (80) comprising: 

(a) a region of media (112) having a first side and an opposite second 
side; 

(i) said region of media comprising a region of nonwoven fibrous 
media; 

(ii) said first side of said region of media having a first exposed 
surface area; and 

(b) a molded, polymeric, compressible housing (114) having first and 
second, opposite, sides and an outer periphery; 

(i) said housing first side having a first surface with a gas flow 
opening therein; 

(ii) said region of media being positioned within said housing 
with said first side of said media exposed by said gas flow 
opening in said housing first side; 

(iii) said housing second side having a second surface with a gas 
flow opening therein; 

(iv) said region of media being positioned within said housing 
with said media second side exposed by said gas flow opening 
in said housing second side; 

(v) said housing being compressible to form a seal member 
positioned along said outer periphery; and 

(c) a support ring (124) molded within said housing. 



21 . A coalescer filter (204) comprising: 
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a first frame piece (278); 
a second frame piece (280); 

(i) said first and second frame pieces being constructed and 

arranged to mateably interlock (302); 
a region of coalescing media (272) trapped between said first and 
second frame pieces; and 

a polymeric seal member (325) circumscribing said first and second 
frame pieces. 

22. A coalescer filter according to claim 20 further including: 

(a) a baffle plate (1 60) oriented adjacent to said housing second side. 

23. A coalescer filter according to claim 22 wherein: 

(a) said housing is circular; 

(b) said support ring comprises a rigid ring molded within said housing; 
and 

(c) said baffle plate is secured to said ring. 

24. A coalescer filter according to claim 21 wherein: 

(a) said first frame piece and said second frame piece interlock through 
snap engagement (304). 

25. A coalescer filter according to any one of claims 21 and 24 further including: 

(a) a first screen member (312) within a first periphery of said first frame 
piece; 

(b) a second screen member (314) within a second periphery of said 
second frame piece; and 

(c) a projection arrangement (320) extending from a rim (300) of said 
second frame piece. 

26. A coalescer filter according to claim 25 wherein: 

(a) said projection arrangement includes a plurality of tabs (322) integral 
with said second frame piece and extending axially from said rim. 
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27. A coalescer filter element according to any one of claims 25 and 26 wherein: 
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(a) said first screen member is an integral, molded part of said first frame 
piece; and 

(b) . said second screen member is an integral, molded part of said second 
frame piece. 

28. A coalescer filter according to any one of claims 20-27 wherein: 
(a) said seal member includes a step construction (1 30, 336). 

29. A coalescer filter according to any one of claims 20-28 wherein: 
(a) said seal member comprises foamed polyurethane. 

30. A coalescer filter according to any one of claims 20-29 wherein: 
(a) said region of media comprises a fibrous media having a free state 

solidity no more than 1.8% and an average fiber diameter of no more 
than 25 microns. 

A panel filter element (100, 206) comprising: 

(a) a filter construction having pleated filter media (224) and an outer 
perimeter; 

(b) an outer gasket member (222) along said outer perimeter comprising 
a polymeric material; 

(c) a media screen (240) positioned in covering relation to said pleated 
filter media; 

(i) said media screen having a grid size of at least 0.1 in. by 0.1 
in.; 

(d) said pleated filter media comprising a plurality of pleats (228); each 
of said pleats having a depth (234) extending in a direction generally 
transverse to said media screen; and 

(e) at least a first gas impermeable baffle plate (254) extending in a same 
direction as said pleat depth. 

A panel filter element according to claim 3 1 further comprising: 
(a) a second gas impermeable baffle plate (264) extending in a same 
direction as said first baffle plate; 
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(i) said first baffle plate and said second baffle plate being 
located at opposite ends of said filter construction. 

A panel filter element according to claim 32 wherein: 
(a) said first baffle plate extends a length greater than said pleat depth 
and a greater length than said second baffle plate. 

A panel filter element according to any one of claims 32 and 33 wherein: 
(a) said pleated filter media comprises: 

(i) a glass fiber filter media; and 

(ii) at least 50 pleats extending between said first and second 
baffle plates. 

A panel filter element according to any one of claims 31-34 wherein: 

(a) said outer gasket member comprises foamed polyurethane; 

(b) said media screen comprises a non-metallic material. 

A method of treating diesel engine blow-by gases; the method comprising 
steps of: 

(a) directing blow-by gases from a diesel engine to a coalescer filter; 

(b) removing at least a portion of an aerosol phase from the gases with 
the coalescer filter as a collected liquid; 

(c) after said step of removing at least a portion of an aerosol phase, 
directing the gases around a baffle to a pleated media filter; 

(d) filtering at least a portion of particulates from the gases with the 
pleated media filter; and 

(e) after said step of removing at least a portion of the collected aerosol 
phase, directing the collected liquid to a drain construction. 

A method according to claim 36 further including: 

(a) removing the pleated media filter from a housing and replacing the 

pleated media filter in the housing with an unused pleated media 

filter. 

A method according to any one of claims 36 and 37 further including: 
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removing the coalescer filter from a housing and replacing the 
coalescer filter in the housing with an unused coalescer filter. 

39. A method according to any one of claims 36-38 wherein: 

(a) said step of directing the gases around a baffle to a pleated media 
filter includes directing the gases around a baffle secured to the 
coalescer filter. 

40. A method according to any one of claims 36-38 wherein: 

(a) said step of directing the gases around a baffle to a pleated media 
filter includes directing the gases around a baffle secured to the 
pleated media filter. 
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